Abstract: The 3,3-dichloro-2,2,4,4-tetramethylcyclobutanethione (4b) was prepared from the parent diketone by successive reaction with PCl5 and Lawesson reagent in pyridine. This new thioketone 4b was transformed into 1-chlorocyclobutanesulfanyl chloride 5 and chloro 1-chlorocyclobutyl disulfide 9 by treatment with PCl5 and SCl2, respectively, in chlorinated solvents (Schemes 1 and 2). These products reacted with S-and P-nucleophiles by substitution of Cl− at the S-atom; e.g., the reaction with 4b yielded the diand trisulfides 6b and 11, respectively. Surprisingly, only pentasulfide 12 was formed in the reaction of 9 with thiobenzophenone (Scheme 3). In contrast to 5 and 9, the corresponding chloro 1-chlorocyclobutyl trisulfide 13 could not be detected, but reacted immediately with the starting thioketone 4b to give the tetrasulfide 14 (Scheme 4). Oxidation of 4b with 3-chloroperbenzoic acid (mCPBA) yielded the corresponding thione oxides (= sulfine) 15, which underwent 1,3-dipolar cycloadditions with thioketones 3a and 4b (Scheme 5). Furthermore, 4b was shown to be a good dipolarophile in reactions with thiocarbonylium methanides (Scheme 6) and iminium ylides (= azomethine ylides; Scheme 7). In the case of phenyl azide, the reaction with 4b gave the symmetrical trithiolane 25 (Scheme 8). and 2). These products reacted with S-and P-nucleophiles by substitution of Cl -at the sulfanyl group; e.g. the reaction with 4b yielded the di-and trisulfane derivatives 6b and 11, respectively. Surprisingly, only pentasulfane 12 was formed in the reaction of 9 with thiobenzophenone (Scheme 3). In contrast to 5 and 9, the corresponding α-chloro trisulfanylchloride 13 could not be detected, but reacted immediately with the starting thioketone 4b to
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give the tetrasulfane 14 (Scheme 4). Oxidation of 4b with mCPBA yielded the corresponding sulfine 15, which underwent 1,3-dipolar cycloadditions with thioketones 3a and 4b (Scheme 5). Furthermore, 4b has been shown to be a good dipolarophile in reactions with thiocarbonyl methanides and azomethine ylides (Schemes 6 and 7). In the case of phenyl azide, the reaction with 4b gave the symmetrical trithiolane 25 (Scheme 8).
Introduction. -Despite their interesting chemical and physico-chemical properties,
thioketones were considered as unstable compounds, which are accessible only with difficulty. Whereas aromatic thioketones show enhanced stability, aliphatic representatives are much less stable and easily undergo enolization and oligomerization [1] [2] 4 ). At present, it is known that their stability increases significantly by the introduction of bulky substituents or other steric stabilizing effects. In addition to adamantanethione (1) [3] and the only recently described 'cage thioketone' 2 [4] , thioxo derivatives of 2,2,4,4-tetramethylcyclobutane-1,3-dione 3 [5] [6] belong to the most useful and relatively easily available cycloaliphatic thioketones. Generally, the synthesis of thioketones is carried out by replacement of the Oatom of a carbonyl group by an S-atom using Lawesson's reagent, a mixture of H 2 S and HCl, or P 4 S 10 as thionating reagents [7] .
Formulae 1-4
In a recent paper, we reported on the reaction of 2,2,4,4-tetramethylcyclobutane-1,3-dione with PCl 5 which leads to 3,3-dichloro-2,2,4,4-tetramethylcyclobutan-1-one (4a) [8] .
Now we present the preparation of the corresponding thione 4b and reactions of this new and stable chlorinated thioketone. 4 4 reacted with PCl 5 to yield the relatively stable α-chlorosulfanyl chloride 5, which was used for further reactions without purification. Treatment of 5 in CH 2 Cl 2 at room temperature with thioketones 3a and 4b led smoothly to the disulfanes 6a and 6b, respectively, in high yield (Scheme 1). In this reaction, the S-atom of the thioketone acts as a soft nucleophile towards the sulfanyl chloride.
Scheme 1
The substitution of chloride in the SCl group was easily achieved by the reaction of 5 with thioacetic acid, which afforded the acetylated disulfane 7 (cf. [9] [10]). Compounds of this type have been shown to undergo a deacetylation in the presence of morpholine, and a subsequent intramolecular substitution of chloride is believed to yield a reactive dithiirane [11] . Alternatively, the corresponding thiocarbonyl S-sulfide can be formed by elimination of chloride. In the case of 7, the experiment with morpholine led, unexpectedly, to 4b, which probably was formed from the intermediate S-sulfide by elimination of sulfur.
The reaction of 5 with diethyl or triethyl phosphite yielded exclusively 8, which is the substitution product formed by the nucleophilic attack of the phosphite P-atom in analogy to the Arbuzov reaction [12] (Scheme 1).
The treatment of 4b with SCl 2 in CH 2 Cl 2 gave the adduct 9, i.e. an α-chlorodisulfanyl chloride (Scheme 2). The reaction of the latter with thioacetic acid led to the trisulfane 10 by an extension of the sulfur chain. Similar to the reaction with 5, 9 also underwent an addition with the parent thioketone 4b to give the symmetrical trisulfane 11. 
Scheme 2
In order to test the ability of aromatic thioketones to form non-symmetric trisulfanes of type 11, an experiment with 9 and thiobenzophenone was carried out. When the reagents were used in a 1:1 molar ratio, only benzophenone was isolated after chromatographic workup.
Therefore, the reaction was repeated using an excess of 9 (2:1 ratio) in wet THF. Under these conditions, the symmetrical pentasulfane 12 was isolated along with comparable amounts of benzophenone. A likely reaction pathway leading to 12 is outlined in Scheme 3. The first step is the formation of the thiocarbonylium ion A by a nucleophilic substitution of chloride. In contrast to similar intermediates appearing in reactions with cycloaliphatic thioketones, which lead to the formation of 6 and 11, A is easily hydrolyzed to give benzophenone and the trisulfane derivative B. The excess of 9 intercepts B immediately forming the pentasulfane 12.
Scheme 3
The molecular formula of 12 was confirmed by the elemental analysis. As the spectroscopic data were not indicative for the structure, an X-ray crystal-structure determination was performed ( Fig. 1) . [13] of the molecular structure of 12 (arbitrary numbering of atoms; 50% probability ellipsoids)
Fig 1. ORTEP Plot
In accordance with the results obtained with other polysulfanes [14] , the S-chain adopts a helical conformation with torsion angles close to 90º and, as observed in a previously described pentasulfane structure [15] , it completes one full helical turn along its length. 6 6 However, unlike the similar pentasulfane with terminal cyclobutanone groups [15] , there is no disorder in the crystal structure.
With the aim of preparing the corresponding trisulfanyl chloride 13, 4b was treated with freshly distilled S 2 Cl 2 in CH 2 Cl 2 at room temperature. The decoloration of the mixture was significantly slower than in the reaction with SCl 2 , and after usual workup, the tetrasulfane 14 was isolated exclusively (Scheme 4). Apparently, the slowly formed 13 instantaneously reacts with thioketone 4b to give the final product in almost quantitative yield.
Scheme 4
The oxidation of thiocarbonyl compounds leads to their S-oxides (sulfines), which differ in stability significantly, depending on the substitution pattern [16] . It is well established that sulfines react smoothly with 1,3-dienes and 1,3-dipoles along the activated C=S bond to give the corresponding six-or five-membered heterocyclic S-oxides [17] . 30 min, and 1,2,4-oxadithiolanes 16 and 17, respectively, were obtained after crystallization from MeOH. The molecular structure of 17 has been established by X-ray crystallography (Fig. 2) . The reaction between 4b and the known sulfine 18 [20] was performed in an analogous manner leading to 19, which is an isomer of 17.
Scheme 5
Fig 2. ORTEP Plot [13] of the molecular structure of 17 (arbitrary numbering of atoms; 50% probability ellipsoids)
The parent thioketone 4b was also tested as a dipolarophile in reactions with thiocarbonyl S-methanides, which were generated by thermal N 2 extrusion from the corresponding 2,5-dihydro-1,3,4-thiadiazoles 20a and 20b (Scheme 6). [21] .
Scheme 6
The thermal electrocyclic ring opening of aziridines was widely explored for the synthesis of thiazolidines via [3+2]-cycloadditions of the reactive azomethine ylides with C=S dipolarophiles (cf. [22] [23] [24] ). Thermolysis of cis-1-methyl-2,3-diphenylaziridine (22) in boiling toluene in the presence of 4b afforded a single product whose structure was again established by X-ray crystallography [25] (Scheme 7). In accordance with the expected reaction course, the Ph groups are trans oriented, i.e., the intermediate 1,3-dipole 23 has been generated by a conrotatory ring opening of 22.
Scheme 7
In analogy to a previously reported experiment with 3a and phenyl azide [26] , a mixture of 4b and phenyl azide was heated to 80°. The reaction was significantly slower than with 3a
and, after evaporation of excess phenyl azide, the residue was analyzed by 1 
Scheme 8
In summary, the presented results show that the new chlorinated thioketone 4b, which can easily be prepared, is an attractive model for studies focused on the reactivity of thiocarbonyl groups. Of special interest are the chlorinated α-chlorosulfanyl chlorides 5 and 9, which are suitable for the preparation of polysulfanes and other sulfur-rich products. The replacement of the C=O group in 3a by the CCl 2 unit (→ 4b) does not change significantly the properties of the C=S function, e.g. the dipolarophilicity of 4b has been demonstrated in cycloadditions with thiocarbonyl ylides, sulfines, and azomethine ylides. However, the lack of the stabilizing transannular effect of the C=O group influences the reactivity of the thiocarbonyl S-imide 28 in comparison with the analogous 1,3-dipole generated from 3a [27] .
The Authors thank the analytical sections of our institutes for spectra and elemental analyses. thiadiazole 20 in abs. THF (1 ml) was heated to 45° (oil bath). The evolution of N 2 was monitored with a gas burette attached to the reaction flask. After 5 h, the red color disappeared and the evolution of N 2 ceased; the expected volume of N 2 (ca. 25 ml) was collected. After cooling to r.t., the solvent was evaporated and the residue was triturated with MeOH. After 2 h in the refrigerator, the crude product was filtered and purified by crystallization. 
